Introduction
The prevalence of overweight and obese children and adolescents is increasing worldwide. Childhood obesity has increased dramatically from 4.2% in 1990 to 6.7% in 2010 (de Onis, Blö ssner, & Borghi, 2010) . Data from three consecutive Nutrition and Health Surveys in Taiwan show that the prevalence of obesity has tripled for elementary school boys and doubled for girls since the first 1993Y1996 survey period. About one third of boys and one quarter of girls were either overweight (15.5% and 14.4%, respectively) or obese (14.7% and 9.1%, respectively) in 2001Y2002 (Chu & Pan, 2007) .
The increase in prevalence of obesity among children and adolescents has been attributed to behavioral and environmental factors (Brown, Broom, Nicholson, & Bittman, 2010) . Children are leading increasingly sedentary lives, with approximately 61.5% of children aged 9Y13 years not participating in any organized physical activity after school (Centers for Disease Control and Prevention, 2003) . A survey of parents with 10-to 12-year-old children found that 43% had children in this age range who spent more than 2 hours a day watching television or videos and/or playing computer games after school (Wen, Kite, Merom, & Rissel, 2009) . Watching television was the favorite after-school activity for 90% of the 817 children interviewed in the United States (Eyler, Nanney, Brownson, Lohman, & Haire-Joshu, 2006) . In a survey of parents with 7-to 12-year-old children in Taiwan, approximately 20%Y30% of their children in this age range watched more than 2 hours of television per day on weekdays. This proportion rose to 60%Y70% on weekends, with 10%Y20% playing more than 1 hour of computer games per day on weekdays and approximately 30% playing more than 1 hour of computer games per day on weekends (Lo, Pan, Lin, Chang, & Shih, 2003) .
Most studies on the amount of time school-aged children spend watching television (Gomez et al., 2007; Pe´rez et al., 2011) have associated more than 2 hours of such activity per day with total obesity (Burke et al., 2006; Gomez et al., 2007; Tremblay et al., 2011) and central obesity (Ortega, Ruiz, & Sjö strö m, 2007) . Although time spent watching television and total obesity has been well documented, only one study reported on central obesity (Ortega et al., 2007) . However, one investigation on fifth and sixth grade school children in Taiwan showed that they spent about 10.1Y12.2 hours watching television per week and that the amount of time the obese children spent watching television was higher, but not statistically significantly so, than other groups (Yang, Liu, Ho, & Tang, 2001) .
The association between obesity and time spent using a computer or playing computer games is less clear (Carvalhal, Padez, Moreira, & Rosado, 2006; Stettler, Signer, & Suter, 2004; Wake, Hesketh, & Waters, 2003) . Carvalhal et al. reported that Portuguese boys and girls who spent more than 1 hour playing electronic games per day were, respectively, 0.45 and 0.57 times more at risk of obesity. However, this study and others have failed to find an association between computer use and obesity (Carvalhal et al., 2006; Janssen, Katzmarzyk, Boyce, King, & Pickett, 2004; Wake et al., 2003) . One investigation focusing on Taiwanese adolescents found that time spent using a computer, surfing the Internet, or playing video games was associated with obesity (Liou, Liou, & Chang, 2010) . However, few other studies in Taiwan have further addressed the relationship between media viewing and obesity in school-aged children.
Guidelines published by the American Academy of Pediatrics (AAP, 2001) and Australian National Physical Activity (Spinks, Macpherson, Bain, & McClure, 2007) recommend limiting total media viewing time for children to less than 2 hours per day. One study found that Australian children who spent more than 2 hours per day viewing media had a 63% higher risk of being overweight than their peers. This correlation was not found in a similar study done in China, although study participants watched less television overall (Waller, Du, & Popkin, 2003) . Although research on total media viewing time has been conducted in other countries, few studies have reported on the total media viewing time of school-aged children in Taiwan.
To implement successful prevention programs, a greater understanding of the amount of time children spend on viewing media after school is needed. The purpose of this study was thus to investigate the relationship between total and central obesity and time spent on viewing media after school in Taiwanese fourth-grade students. Diaries were used by the children and their parents to record information that was used in data analysis.
Methods

Design and Sampling
This was a case-control study for participant sampling. For each obese child, a class-, age-, and gender-matched child with normal weight was selected as a control. A convenience sample was recruited from elementary schools in Taipei City. Letters of invitation were sent to school administrators and nurses of 53 elementary schools requesting participation in the study. Twenty-nine schools agreed to participate. At the beginning of the school year, children undergo a routine health screening that includes height, weight, and body mass index (BMI) calculations. The participating schools sent to the research team the BMI data for their fourth-grade students. We then sent letters to the parents or guardians of all the children who fit the criteria for obesity and to those of an approximately equal number of children defined as ''normal weight'' under the Taiwan Department of Health guidelines. Of the 778 children contacted, 641 guardians gave written informed consent, and the children were enrolled, providing a response rate of 82.4% for this study.
Participant selection criteria included the following: (a) 9Y10 years old and enrolled in the fourth grade; (b) a BMI equal to or above the 85th percentile for the obese group and below the 85th percentile and above the fifth percentile for the normal-weight group; (c) no use of chronic illness medication during the past month; (d) no major medical illness such as diabetes, heart disease, or asthma that would impair physical activity or PraderYWilli syndrome that would influence obesity; and (e) ability to speak, listen, read, and write Chinese.
A sample size necessary to yield a power of .8 based on median effect size estimated from the difference in time spent on television viewing between obese and normal-weight children reported by Waller et al. (2003) was calculated, suggesting a requisite sample size of 178 obese and 178 normal-weight children.
Data Collection
This study was approved by the institutional review board of the Taipei Medical University. Before study initiation and after all participants and their parents had signed informed consents, the purpose and procedures were explained verbally and in writing to the elementary school administrator, participants, and participants' parents. The primary investigator gave all participants an oral introduction to the aims of the questionnaire and allowed them to take the questionnaire home to be completed by one of their parents. The questionnaire was filled out anonymously and recorded with a code number.
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Anthropometry
Height, weight, and waist circumference were measured between 9 A.M. and noon, with the participants allowed to wear lightweight clothing. Measurements were all performed in triplicate by only one investigator, and mean values were calculated. Height was measured using a stadiometer with the head in the Frankfort horizontal plane. Weight was measured using a digital scale with a precision to 0.1 kg. BMI was calculated as weight in kilograms divided by height in meters, squared for age and gender. Weight, height, and BMI chart, which uses health-related physical fitness as a criterion, were used for anthropometrical measurements in children and adolescents (Chen et al., 2003) . For the purposes of this study, weight categories were dichotomized as indicating either normal weight or obesity (overweight was included in the obesity category). Total obesity was defined as a BMI equal to or above the 85th percentile, and normal weight was defined as a BMI below the 85th percentile and above the fifth percentile (Department of Health, Executive Yuan, Taiwan, ROC, 2007). Waist circumference was measured using a flexible steel tape at the level of the narrowest point between the lower costal border and the iliac crest. The waist-to-height ratio (WtHR) was calculated as waist in centimeters divided by height in centimeters. Central obesity was defined as a WtHR greater than 0.5 (Li, Ford, Mokdad, & Cook, 2006) .
Media Viewing
Participants recorded their daily media viewing habits in a 3-day physical activity record (3-dPAR). The 3-dPAR was originally designed by Bouchard et al. (1983) and reportedly has good testYretest reliability (r = .91, p G .01) and validity (r = .31, p G .01). The 3-dPAR was translated into Chinese, was modified by Huang and Malina (2002) , and has been used in several studies (Lee, Huang, & Kao, 2005; Liou & Chiang, 2004) . A pilot study of 14 students performed at two elementary schools in Taipei City showed that fourthgrade children could use the 3-dPAR accurately. The activity record was divided each day into 96 periods of 15 minutes each. Participants recorded their activities every 15 minutes over 3 consecutive days from Sunday to Tuesday (2 school days and 1 weekend day). Although a one-page reference guide was provided, participants were encouraged to describe their activities in their own words. The investigator telephoned participants on Saturday evening and reminded them to use their diary. Diaries were completed in the participants' homes under parental supervision. The investigator checked all diaries for completeness. Activities defined as media viewing included watching television, using a computer, and playing computer games (including desktop and notebook computers). The average total time spent on media viewing on weekdays (school days) was calculated by summing the minutes for the 2 weekdays and dividing it by two.
Participant parents used a questionnaire adopted from the National Health Interview Survey of Taiwan for children less than 12 years old (Lo et al., 2003) . Parents were asked to report separately how much time (hours/minutes) their children usually spent on watching television, using computers, playing computer games, reading, and attending cram schools in a typical school week (MondayYFriday) and a typical weekend (Saturday and Sunday). The average total times spent on media viewing during the school week and weekends were calculated by summing the respective minutes and dividing by either 7 (for the school week) or 2 (for the weekend). Although reliability and validity data of the National Health Interview Survey of Taiwan have not yet been published, this survey has been used in several large studies in Taiwan (Chang, Lin, Tsai, Chang, & Wu, 2006; Lo et al., 2003) . Parent socioeconomic status (SES) was estimated by multiplying parent educational level (from 1 to 5) by 4 and then adding parent employment status (from 1 to 5) multiplied by 7. Scores of 41Y55 were coded as high SES, 30Y40 were coded as middle SES, and 11Y22 were coded as low SES (Lin, 2005) . Data on family structure (two-parent or single-parent) were also collected.
Data Analysis
Time spent on media viewing was categorized into two variables: watching television and total media viewing. The latter included watching television and computer use, for example, playing computer games and using the Internet. On the basis of the recommendations of the AAP in 2001, a cutoff of 2 hours of total television viewing and total media viewing was used to compare the two study groups. The cutoff value of 1 hour of computer use per day was based on the Health Behavior in School-Aged Children study (Janssen et al., 2005) .
Statistical analysis was conducted using the SPSS version 13 (SPSS Inc, Chicago, IL, USA). Demographic data were reported as mean T standard deviation. Chi-square and kappa statistics were used to examine the association between BMI and WtHR. The chi-square test was used to examine the homogeneity of demographic characteristics between obese and normal-weight participant groups. The MannYWhitney U test was used to compare the media viewing between the two groups as the data were not normally distributed. Logistic regression was applied to assess the odds ratio on obesity of watching television, computer use, and total media viewing. Watching television, computer use, and total media viewing were individually subjected to logistic regression analysis. The results of parent reports and participants' 3-dPAR were assessed for correlations. A p of less than .05 was considered statistically significant.
Results
Among the 641 participants enrolled, 288 were obese and 353 were normal weight. Participants who did not complete their questionnaire were excluded, leaving 275 obese children who were matched by class, age, and gender with 275 normal-weight controls. The mean age of the 550 subjects was 9.88 (SD = 0.37) years. Table 1 summarizes participant demographic characteristics. Two hundred sixty-seven participants met the criteria for central obesity, and 283 were normal-weight. There was a strong association between BMI and WtHR (kappa = 0.738).
Media Viewing
Television watching (60.24 minutes vs. 43.50 minutes, p G .05) and total media viewing (73.61 minutes vs. 52.67 minutes, p G .001) times for participants with total obesity were higher than for their normal-weight peers, both on selfreported weekdays and weekends. However, there was no significant difference between the two groups in terms of time spent watching television (148.03 minutes vs. 127.42 minutes, p 9 .05) on weekends. Analysis showed significant differences in self-reported weekend computer-game-playing times (26.01 minutes vs. 17.51 minutes, p G .05) and parent-reported weekday computer-game-playing times (30.83 minutes vs. 22.41 minutes, p G .05). Similar results were found when comparing central obesity (Table 2) .
Association Between Media Viewing and Obesity
Overall, 33.2% (n = 259) of all participants spent more than 2 hours watching television per day, and 6.8% (n = 53) spent more than 1 hour using the computer per day. Risks of total obesity and central obesity were higher in participants who spent more than 2 hours a day watching television (Table 3 ). This held true whether the amount of time spent was reported by the participants or their parents. Participants tended to report less media viewing than their parents; however, observations were closely correlated (r = .347Y.467, p G .001), adding support to the validity of the results. Computer time, whether reported by the children or their parents, was not significantly associated with increased total or central obesity risk. However, because of the contribution of watching television, a total media viewing time greater than 2 hours a day was also associated with increased risk of both total and central obesity (Table 3) .
Discussion
This study investigated the relationship between childhood obesity and participants' media viewing time. Results show 
Participant Demographic Data
Obese (n = 275)
Normal Weight (n = 275) Note. BMI = body mass index; WtHR = waist-to-height ratio.
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that obese participants, both those with only total obesity and those with central obesity as well, spent significantly more time watching television after school than their normalweight peers. The total time spent on media viewing was also greater among obese participants, although this was specific to the television-viewing component, with greater computer Note. OR = odds ratio; CI = confidence interval.
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use not associated with obesity risk. Those who spent more than 2 hours a day viewing media had increased risks of both total and central obesity.
An association between total obesity and watching television has been noted in previous studies (Burke et al., 2006; van Zutphen, Bell, Kremer, & Swinburn, 2007) . This study shows that this association holds true for both total and central obesity. On the basis of diary records, participants with total obesity spent an average of 17 minutes more per day watching television than normal-weight participants. An Australian study on children with total obesity found that they spent only 7 minutes more per day than normalweight children (van Zutphen et al., 2007) . In their metaanalysis of studies on the relationship between watching television and body fat status, Marshall, Biddle, Gorely, Cameron, and Murdey (2002) found a consistent, small positive correlation between the two. However, they questioned the clinical relevance of the single factor of body fat. Yang et al. (2001) reported that heavyset children spent more time watching television than non-heavyset children, although the difference did not reach statistical significance. Their study only investigated one elementary school in Taipei City, and participating children reported how many hours they each spent watching television during a week. This result certainly shows a statistical correlation between time spent watching television and total and central obesity. However, clinical significance still needs to be elucidated.
In this study, 33.2% of the participants spent more than 2 hours watching television per day. This group had a 1.59 times higher risk of total obesity and 1.43Y1.64 times higher risk of central obesity than the group who spent less than 2 hours watching television per day. Similar to this finding, a recent study on school-aged children in Colombia found a 1.78 times risk of total obesity in children watching television for more than 2 hours per day (Gomez et al., 2007) . A Swedish study also reported a positive correlation in children between waist circumference and time spent watching television (Ortega et al., 2007) . Watching television may contribute to obesity because of increased food intake and decreased energy expenditure. In addition, when children spend many hours in front of the television, exposure to food advertisements may influence, promote, and increase their desire to purchase and consume unhealthy foods (Galcheva, Iotova, & Stratev, 2008) .
The relationship between computer use and childhood obesity is less clear. Similar to this study, several previous studies found no statistically significant association between the two (Janssen et al., 2005; Wake et al., 2003) . Comparing studies in this area can be difficult because of the different measurements used. Two studies from Europe that used a quantitative response format found an association between playing electronic games and obesity risk (Carvalhal et al., 2006; Stettler et al., 2004) . In a Portuguese study, 67.6% of young male and 32.1% of young female participants reported spending more than 2 hours a day playing electronic games and 36.7% and 16.1%, respectively, spent more than 1 hour per day on the computer (Carvalhal et al., 2006) . In this study, only 6.8% of the participants spent more than 1 hour using the computer per day. Although those with total and central obesity spent more time on the computer during the weekend, we found no significant relationship between computer usage and obesity in participants who spent more than 1 hour per day on the computer. Nonetheless, there may be a threshold of time above which using a computer becomes associated with obesity. Computer games, however, are not currently prevalent or popular among schoolaged children in Taiwan, although computer use seems to be increasing in this population (Lo et al., 2003) . Therefore, future investigations on the relationship between computer use and obesity may be worthwhile.
Results of studies comparing children's media viewing habits may be confused because of differences in the media considered. Targeting total media viewing may be a way of resolving this issue, although the clinical significance of such measures remains to be seen. In this study, participants who spent more than 2 hours a day on total media viewing faced 1.57Y1.92 times the total and central obesity risk of their peers who spent less than 2 hours. An Australian investigation also found that obese children were significantly more likely to spend over 2 hours on total media viewing per day (Spinks et al., 2007) . Laurson et al. (2008) found that elementary school children who exceeded the recommended 2 hours per day of total media viewing were 1.22Y1.69 times more likely to be overweight than those who did not exceed 2 hours per day. The AAP recommends a daily maximum of 1Y2 hours per day of total media viewing for children (AAP, 2001) . This recommendation has been adopted in guidelines for school-aged children in Taiwan.
There are some limitations to this study. First, this study only included children living in Taipei City, a densely populated urban area. Media viewing time and its association with obesity in urban settings may differ from rural areas. Second, as noted above, some children had trouble describing their activities in the 3-dPAR, which required them to record activities using their own words. A better design may be to use standardized terminology so that children can simply check off or enter a numerical code for the activity they were engaged in during each 15-minute interval.
Conclusions
In conclusion, participants with total and/or central obesity in this study had significantly longer television watching and total media viewing times than their normal-weight peers. We found that more than 2 hours per day of media viewing associated with increased obesity risk. Although it is tempting to suggest that the simple act of limiting media viewing time could ameliorate the obesity epidemic, such would assume a simple cause-and-effect relationship and could ignore other factors that contribute to excessive weight gain in youth. Also, similar to the multifactorial origins of childhood obesity, excessive engagement in sedentary activities such as watching television may have consequences beyond the putative effect on body habitus. Because these issues are addressed and remedies are proposed, it will be interesting to see the impact of individual factors in various populations. This study adds information about Taiwanese children to the discussion. In the meantime, results of this study encourage school nurses to promote health programs to prevent childhood obesity as well as recommend reduced media viewing and increased participation in extracurricular outdoor activities. 
